The dosimetric impact of dental implants on head-and-neck volumetric modulated arc therapy.
This work aims to investigate the dosimetric impact of dental implants on volumetric modulated arc therapy (VMAT) for head-and-neck patients and to evaluate the effectiveness of using the material's electron-density ratio for the correction. An in-house Monte Carlo (MC) code was utilized for the dose calculation to account for the scattering and attenuation caused by the high-Z implant material. Three different dental implant materials were studied in this work: titanium, Degubond®4 and gold. The dose perturbations caused by the dental implant materials were first investigated in a water phantom with a 1 cm(3) insert. The per cent depth dose distributions of a 3 × 3 cm(2) photon field were compared with the insert material as water and the three selected dental implant materials. To evaluate the impact of the dental implant on VMAT patient dose calculation, four head-and-neck cases were selected. For each case, the VMAT plan was designed based on the artifact-corrected patient geometry using a treatment planning system (TPS) that was typically utilized for routine patient treatment. The plans were re-calculated using the MC code for five situations: uncorrected geometry, artifact-corrected geometry and artifact-corrected geometry with one of the three different implant materials. The isodose distributions and the dose-volume histograms were cross-compared with each other. To evaluate the effectiveness of using the material's electron-density ratio for dental implant correction, the implant region was set as water with the material's electron-density ratio and the calculated dose was compared with the MC simulation with the real material. The main effect of the dental implant was the severe attenuation in the downstream. The 1 cm(3) dental implant can lower the downstream dose by 10% (Ti) to 51% (Au) for a 3 × 3 cm(2) field. The TPS failed to account for the dose perturbation if the dental implant material was not precisely defined. For the VMAT patient dose calculation, the presence of dental implants degrades the PTV coverage significantly. With the material's electron-density ratio applied, the dose calculation accuracy in the water phantom and the VMAT patient was improved to a clinically acceptable level. The effects of the dental implant material can be clinically significant and its impact varies with the density of the dental implant material. We demonstrated that it was effective to use the material's electron-density ratio to account for the dosimetric impact of the dental implant.